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THE METEOROLOGICAL SERVICES OF SOUTH 
AMERICA. —-II. 


A. LAWRENCE ROTCH. 


THE ARGENTINE REPUBLIC. 
ARGENTINE METEOROLOGICAL OFFICE AT CORDOBA. 

History and Organization. —1n 1872, during the administra- 
tion of President Sarmiento, a meteorological department of 
the National Observatory was organized with Dr. B. A. Gould, 
the director of the observatory, as its director. No additional 
salary was given him, but the sum of $6,000 was granted in 
1873, to defray the cost of installation, and $2,100 was added 
for current expenses. Instruments were obtained from Negretti 
and Zambra, of London, to equip twelve stations of the second 
order. In 1876 this number had increased to 26, and in 1892, 
to 40, including three in Paraguay. There are now five first- 
order stations (Cordoba, Buenos Aires, Fisherton, near Rosario 
de Sante Fé, Ascuncion and Conception in Paraguay) and 100 
rain stations reporting (there being 300 gauges), of which 70 
had complete records for the year. 

The first-order stations have these instruments: Richard bar- 
ographs, thermographs, and hygrographs, Robinson anemometers 
(excepting Buenos Aires), wind-vanes, solar thermometers, ba- 
rometers, maximum and minimum thermometers and psychrome- 
ters (all of Negretti and Zambra’s construction). Fisherton 
has a Jordan sunshine recorder and a telegraphic register for 
the anemometer similar to that at Cordoba. The second-order 
Stations possess : Fortin barometers, thermometers (psychrom- 
eters, maximum and minimum), rain gauges five inches in diam- 
eter, and five and. one half feet above the ground. The 
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wind-vanes are not-uniform. Otherwise the instruments are 
all of Negretti and Zambra’s make, and the outfit for each sta- 
tion cost $87. The rain stations have a five-inch gauge of 
block tin, with cock and measuring glass, the former of native 
manufacture. 

The observers receive no remuneration and comprise all 
classes of men. The stations are inspected each year or two 
by the director or his assistant. The observations at 7, 2, and 
g are entered on a folio sheet and sent monthly to the Cen- 
tral Office for reduction. There are brief instructions for filling 
up the form on its back ; more detailed ones are contained in a 
small octavo pamphlet, entitled : /wstrucciones para Observaciones 
sistematicas. 2° edicion, 1875. The rain forms are single 
sheets with columns for the time of beginning and ending, and 
the quantity of precipitation. This is measured at the end of 
the rain, but if of long duration, at 8 a. m.and6 Pp. Mm. Snow 
is melted and measured, a section of snow of the size of the mouth 
of the gauge and of the average depth, which is also noted, being 
used. These forms are sent to Cordoba in stamped envelopes, 
the postage being paid by the government. 

Publications. — In 1878 the first of the Amuales de la Oficina 
Meteorologica Argentina, a quarto volume of 500 pages, was pub- 
lished, which dealt with the climate of Buenos Aires, from the 
observations since 1801. In 1881 Vol. II. was published, con- 
taining the reports to the Minister of Public Instruction and 
Justice, etc., for 1876 and 1877, which have summaries of the 
observations at Cordoba and seven other stations. The climate 
of Bahia Blanca, and Corrientes is discussed and an algebraic 
expression deduced for the diurnal variation of temperature. 

In 1882 Vol. III., with the report for 1880, was published. 
Three daily observations at seven stations were given 27 extenso, 
with isothermal lines and rainfall data for the Republic. Vol. 
IV., issued in 1884, contained the report of the Office for 1881 
and 1882. The existing observations for ten stations were 
printed and discussed. Vol. V., published in 1887, has the 
reports for 1883 and 1884, during which period Dr. Gould re- 
signed as director and was succeeded by Mr. W. G. Davis, his 
former assistant. Observations at four stations were printed 
and discussed. Vol. VI., which appeared in 1888, contained the 
report for 1885. The observations at four of the twenty-two 
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stations were printed and discussed. In the report was a de- 
scription of the new Central Station at Cordoba, which was con- 
tinued in the 1886 report in Vol. VII., published in 1889. This 
volume has the observations at four stations and their discus- 
sion. Vol. VIII., published in 1890, contained the reports for 
1887 and 1888. Of the thirty stations reporting in 1888, the 
observations at five were published 7 ertenso and discussed, 
besides the usual summary at representative stations and the 
hourly values at Cordoba, contained in the report. Vol. IX., 
now in press, is in two parts. The reports from 1889 to 1892 
have rainfall] diagrams for various stations and résumés of the 
other elements for Cordoba. Part I. contains the Cordoba 
observations from 1872 to 1892. There are hourly values of 
atmospheric pressure, air temperature, and wind direction from 
1878 ; relative humidity, vapor pressure, and wind velocity from 
1881; diurnal values of soil temperature, evaporation, cloudi- 
ness, and sunshine. Part II. contains summaries of the obser- 
vations and discussions of the diurnal and annual variations. 

Personnel and Budget.— The director, W. G. Davis, re- 
ceives an annual salary of $3,600; there is a secretary at $2,100, 
and nine computers at a total of $6,600. Some of the com- 
puters make the observations at the Central Office. There are 
further grants of $3,600 for printing, and $9,000 for incidental 
expenses, and for this year an increase of $18,000 was requested 
for the installation of thirty new stations, the magnetic obser- 
vatory at Cordoba, the cost of two years’ publications, the 
salary of two additional computers, and an increase of $2,400 
in the director’s salary. 

For these sums it should be remembered that gold in Argen- 
tina was at a premium of over 300 in 1893. 

The Central Station. — This was removed from the Astronomi- 
cal Observatory to its present quarters in a one story building 
southeast of it in May, 1885. Its latitude is 31° 25’ S., longi- 
tude, 64° 12' W.,anc the altitude of the barometer is 1,434 feet. 
The situation is about one mile southwest of the town of Cor- 
doba, upon the edge of the basin in which lies the town some 
200 feet lower, and there is a free exposure in every direction, 
except to the north, where the trees around the Observatory 
dwelling, about 500 feet distant, overtop the roof of the Office. 

There are two classes of instruments employed —those for 
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direct observation and for controlling the registers, and the 
registering instruments themselves. The normal Fortin ba- 
rometers are Negretti and Zambra, No. 991, with Kew certifi- 
cate, and Tonnelot, No. 2450, verified at the Paris Bureau 
Central. The former has been the standard since 1874. Its 
error with respect to the Washington standard is +.005 in. 

A Sprung barograph, which has been in use since January, 
1887, is controlled by observations of the normal barometers 
several times daily. These corrections, averaging +0.13 mm., 
are interpolated in reducing the hourly values. A Negretti 
and Zambra aneroid barograph with weekly sheets, which is 
used for filling breaks in the record, was the first registering 
instrument used in 1878. 

The thermometer shelters are in a field to the west of the 
buildings and oriented with respect to the cardinal points. The 
old one which was used at the Observatory, and was transferred 
in 1885 to its present position, is about 10 feet square and 8 
feet high, with a double roof and flaring wooden sides, extending 
about half way to the ground. From 1878 to 1888 it contained 
eight Negretti and Zambra “turn-over” thermometers, from 
which hourly temperatures were had, but not always satisfac- 
torily. A wet bulb was in use from 1881. This shelter now 
contains only the Richard thermograph, with weekly record, 
and the cage in which Schénbein’s ozone paper is placed. The 
ground thermometers are also buried under this shelter at 
depths down to 12} feet. Most of them are enclosed in wooden 
tubes, with iron outside, and are fixed, but the two deepest lie 
at the bottom of large covered tubes, and are drawn up for 
reading according to Symons’ plans. The readings are made 
twice daily. The new thermometer shelter is about the same 
size as the old, and has a double sloping roof covered outside 
with corrugated iron, and on the north, west, and east movable 
louvres, extending half way to the ground, which can be opened 
on the lee side. On the south are doors, which can be closed in 
stormy weather, giving access to the shelter. Since January, 
1889, a photographic psychrometer, constructed by Negretti and 
Zambra, has beenin use. The bulbs of these thermometers are 
about three feet above the ground, and the readings are cor- 
rected by a Kew standard and checked daily by observations of 
the wet and dry thermometers. Hourly eye observations are 
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made during the day. Here is also a Richard hygrograph with 
a weekly record. 

Evaporation is measured in four ways: in the standard cop- 
per gauge (314 sq. cm.), and in the glass gauge, on the Wild 
balance, and in the open sunken tank (1,000 sq. cm.) in which 
the level of the water is kept nearly constant, and is measured 
by a micrometer screw as well as recorded on a Richard cylin- 
der. One of the copper gauges and a Wild balance are in the 
old shelter, while four are freely exposed to sun and rain. 
Hourly values have been deduced from November, 1890. The 
standard rain gauge is of copper, five inches in diameter, of the 
modified Glaisher pattern, with cock and measuring glass, and 
is read immediately after the rain. It is mounted on a post 
about five and a half feet above the ground. An eight-inch 
gauge is placed in the middle of a flat roof level with the para- 
pet, and about sixteen feet above the ground. Since 1876, com- 
parisons made between the two gauges show the ratio to be 
from two to three per cent less for the roof gauge. A Crossley 
recording gauge, with a receiving surface of 100 square inches, 
totalizes the amount of rain, and is exposed similarly to the 
standard. 

A Robinson anemometer has been in use since 1873, and 
since 1880 the record has been automatic. The hourly direc- 
tion has been recorded since 1878. Theanemometer is exposed 
on the northwest corner of the roof of the building, about 
26 feet above the ground. In February, 1890, the Osler vane, 
pressure-plate and vane, was installed on the north side of 
the roof, the self-recording vane replacing the older one on the 
northeast corner. On the parapet of this roof is a Campbell- 
Stokes sunshine recorder, and over the grass is a solar ther- 
mometer (maximum black bulk in vacuo). 

The Office has a set of magnetic instruments by Edelmann, 
and is hoping for an appropriation for their installation in a 
partly subterranean building. These comprise a theodolite for 
absolute measures, and photographic instruments for variation, 
which can also be read directly. 


PROVINCIAL SERVICE FOR CORDOBA, 


O. Doering, professor of physics at the University of Cor- 
doba, attempted to organize a provincial climatological service, 
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without success. ~Nothing has been published except some 
magnetic determinations and studies of intro-diurnal tempera- 
ture variation, based partly on the data of the Central Office. 


THE LA PLATA OBSERVATORY. 

The astronomical, magnetic, and meteorological observatory 
at La Plata, the capital of the province of Buenos Aires, is sit- 
uated in latitude 34° 55' south, longitude 57° 54' west, in the 
midst of a eucalyptus grove outside the city. Three daily me- 
teorological observations were begun July 1, 1885, and there 
are, besides, a number of self-recording and magnetic instru- 
ments. <A telegraphic reporting service from 34 stations in 
the province was proposed several years ago, but has not been 
organized. An Axnuario is published, the meteorological sec- 
tion containing the La Plata observations for the year ending 
with September, besides instructions for making meteorological 
observations. The director of the observatory is F. Boeuf, and 
there were nine assistants in 1889, V. Boeuf having. charge of 
the meteorological and magnetic work. 


URUGDAY. 
METEOROLOGICAL OBSERVATORY AT THE VILLA COLON. 

This station of the first order is outside Montevideo, at the 
Jesuit College, and is situated in latitude 34° 50’ south, and lon- 
gitude 56° 10' west, 134 feet above the sea. Observations three 
times a day of the usual elements were begun in 1883, and 
hourly values of wind direction and velocity are obtained. The 
results for 1883-4 were published in Resumen de las Observa- 
ciones metcorologicas, and, since 1888, in Boletin mensual del Ob- 
servatorio meteorologico del Colegio Pio de Villa Colon. 


METEOROLOGICAL SOCIETY OF URUGUAY. 


After an attempt in 1889 to organize a meteorgogical service co- 
operating with the Argentine Meteorological Office, a society for 
this purpose, Sociedad Meteorologica Uruguaya, was established 
in 1890, with F. A. Lanza, as director, and A. Urioste, in charge 
of the Central Station in Montevideo. The Revista mensual de 
Meteorologia practica has been published since 1892. It con- 
tains data from six second-order and thirty rain stations, be- 
sides the Punta Arenas observations previously mentioned. 
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BRAZIL. 
THE NATIONAL OBSERVATORY AT RIO DE JANEIRO. 

History and Description.— From the establishment of the 
observatory in 1825, meteorological observations were made, 
but no record of them is to be found until in 1844, when, under 
Dom Pedro II., M. Soulier de Sauve was appointed director. 
From this time until the present a summary of the observa- 
tions has been published in the daily newspapers. M. E. 
Liais, the director from 1871 to 1881, was succeeded by M. L. 
Cruls, the present director. In 1890 the observatory was re- 
organized in the War Department, and a geographical service 
added. The objects of the observatory, which is essentially 
a scientific institution, also giving higher instruction, are defined 
as follows: To make the necessary observations for promoting 
astronomy and terrestrial physics; the determination of the 
geographical position of the principal points of the country and 
the execution of such geodetic work as may be useful for maps 
of the United States of Brazil ; the regulation of marine chro- 
nometers and the distribution of time to the port and city; the 
training of engineers and officers in making observations ; the 
publication of Annals and an Annual containing data and informa- 
tion relative to astronomy, meteorology, physics, chemistry, etc. 

The observatory is situated on the Morro do Castello, the 
most easterly hill of Rio, overlooking the harbor, in latitude 
22° 54' south and longitude 43° 10' west. The building is an 
ancient Jesuit convent with wings enclosIng an open refectory 
on the north. The instruments are mostly placed on the ter- 
race-like roof, about 215 feet above the sea and 65 feet above 
the ground. 

Observations and Instruments. — The instruments and their 
exposure, the hours of observations and the method of publica- 
tion have differed during the last forty years so that the data 
are somewhat heterogeneous. Since 1851 a continuous series of 
meteorological observations has been made. Eye readings of 
the ordinary instruments were made hourly from 6 A. Mm. to 6 
P. M., 1851-7. Observations were then taken at various hours 
until 1885, when the tri-hourly combination 1, 4, 7, and 10 
A. M., I, 4, 7, and 10 P. M. was adopted and is still in use. In 
1851 and subsequently, a number of self-recording instruments, 
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including magnetic instruments and the meteorograph of Dol- 
land, were added. ~Until about 1870 the thermometers, etc., 
were exposed in a large room having on its north and south 
sides louvered doors giving excellent ventilation. From 1871 
up to the present time these instruments have been placed in a 
pavilion, with louvered walls on all sides, which rests against the 
southern wall of a building upon the Observatory terrace. The 
shelter is defective as it is completely screened from the north 
wind which greatly raises the air temperature at Rio. Besides 
the ordinary thermometers, this shelter contains three Richard 
thermographs, one of which has its tube kept wet, a Piche evapo- 
rimeter and Schénbein’s ozone paper. In an adjoining room are 
the barometers in ordinary use and a Richard barograph with ad- 
ditional vacuum boxes to amplify the small pressure range. 
The working standard is a small Fuess closed cistern barometer, 
No. 956. The former standard Fortin (verified at Paris), recently 
broken, has been replaced by a large Casella standard, No. 
1,606, which is mounted in the director’s office on the floor be- 
low the terrace. These instruments read about 0.01 in. higher 
than a sub-standard of the Washington Weather Bureau. 

The other meteorological instruments exposed on the terrace 
are these: Two Richard self-recording rain gauges (tilting 
buckets) near the eastern parapet and three other gauges, in- 
cluding the /otalizateur of Hervé Mangon, badly exposed, about 
6 feet above a roof. There is also a gauge on the ground. The 
sunshine instruments are a pair of black and bright bulb ther- 
mometers of the Montsouris pattern and the Campbell-Stokes 
and McLeod (photographic) recorders, both temporarily out of 
action. 

An iron tower, carrying a time ball, at a height of about 48 
feet above the terrace, supports two Robinson anemometers, 
which record electrically by the Richard system. A Richard 
vane, having on its arrow a fan anemometer, is exposed on a 
pole about 16 feet high, the vane recording mechanically its 
oscillations. 

On this terrace are the buildings which shelter the various 
astronomical instruments, a room for the meteorological observ- 
ers,and the library. The director’s office and apartments are on 
the third floor. On the ground is a photographic laboratory, a 
workshop, and a repository of instruments. 

















The Meteorological Services of South America. 209 


Publications. — After 1851, the observations were published 
under the title, Avznales Météorologiques. These Annales, 
rather incomplete in form and in three volumes, contained the 
series 1851-68. The observations 1869-81 have not been pub- 
lished, but it is hoped shortly to print a summary of them. 

Since 1881, under the present director, the observations have 
appeared ix extenso in Annales de l’ Observatoire, viz, those for 
1882, in Vol. II., and those for 1883, 1884, and 1885, in Vol. IV. 
(Part II.). The observations 1886-91, will soon be published 
in succeeding volumes ; complete monthly summaries have al- 
ready been printed in the monthly Revista do Observatorio. 
This was a non-official monthly review, published by M. Cruls, 
1886-92, and which he hopes to resume. Besides the meteoro- 
logical summaries already mentioned, for Rio, it contained 
occasional ones for other stations, together with astronomical 
and meteorological notes. A Climatological Dictionary of the 
globe is in preparation by M. Cruls. Data have been requested 
from 1,100 stations, which will be arranged by countries, and, 
when printed, will fill a quarto volume of about 500 pages. 
Other climatological publications are: Edauche d’une Climato- 
logie du Brésil, H. Morize, 1891, and Le Clima de Rio de Fa- 
netro, L. Cruls, 1892, discussing the observations 1851-90. An 
Annuario, containing astronomical data, besides meteorological 
and other tables, has been published by the Observatory each 
year since 1885. 

Personnel and Budget. — There are two classes of employees, 
astronomers and assistants. Each is appointed by competitive 
examination, and the director’s control over them is limited. 
Military engineers are often detailed for practice and for sur- 
veys. Theauthorized staff in 1893 was as follows: A director 
(L. Cruls), a vice-director, two astronomers, a first assistant, six 
assistants, a librarian and secretary, two men in charge of chro- 
nometers and time service, one in charge of micrographic service, 
five mechanicians, etc., besides porters and servants. The 
annual budget, twice as large as under the Empire, amounts to 
about $50,000 gold. 

New Observatory. — The unfavorable situation of the Castello 
for astronomical observations has led to the selection of a site 
across the bay, near Petropolis, at an elevation of about 3,500 
feet. A road is now being built up this mountain, and it is 
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hoped to have the new Observatory completed within two years. 
The sum of $500,000 has been voted by the Government for 
the installation. At Rio there are only abaut sixty entirely clear 
nights in the year, but on the mountain the fog sinks at night, 
leaving the air still and clear. 


CENTRAL METEOROLOGICAL DEPARTMENT. 


This bureau of the Navy was organized by decree of April 
4, 1888, with the following very comprehensive duties, viz.: 
To be the headquarters for meteorology, magnetism, and ter- 
restrial physics, and to hold these relations to navigation, gen- 
eral and local climatology, the announcement of the probable 
weather, and the magnetic elements. Meteorological forecasts 
are to be issued to the ports, and for the benefit of agriculture, 
by means of a study of atmospheric movements, through the 
organization of a system of meteorological and magnetic observ- 
atories and stations; provincial and district commissioners are 
to be nominated and their investigations in meteorology. and 
general climatology published ; all data relating to meteorology, 
in general, and to terrestrial magnetism, are to be collected and 
discussed; meteorological charts and bulletins published,- and 
information of interest to navigators disseminated; charts re- 
lating to magnetism and meteorology prepared for the govern- 
ment engravers, and printed bulletins concerning the work of 
the office, issued ; meteorological, magnetic and other instru- 
ments for the Navy compared before distribution; a detailed 
magnetic and meteorological chart of the Republic, especially 
of the coast, is to be prepared. 

Capt. A. P. Pinheiro is .the general superintendent, and he 
has one assistant. An observing station has been established 
on the Morro Santo Antonio, a mile west of the National Ob- 
servatory, but the climatological service has not yet been organ- 
ized and nothing has been published except summaries in a 
daily newspaper of the conditions at Rio and at two stations 
reporting by telegraph. The other duties of the Institute do 
not seem to have been fulfilled. 


OTHER METEOROLOGICAL INSTITUTIONS. 


Meteorological observations were made on the Ilha do Gov- 
ernador in Rio Harbor, under the direction of the Brazilian 
Telegraph Department, during 1886-8, inclusive, and now pub- 
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lished annually (Boletin mensaes do 1° Observatorio Meteorolog- 
ico da Repartigao dos Telegraphos do Brasil na Ilha do Gover- 
nador. Vol. I.-III.). Baron Capauema, the director, issued a 
circular in 1888 stating that it was intended to publish here the 
meteorological observations made at the principal telegraph 
stations of the Empire. The change of Government, causing 
the removal of the director, prevented the consummation of 
the plan. 

A climatological service for the Province of S. Paulo was 
organized by O. A. Derby, an American, who centralized ob- 
servations from about a dozen stations. The following publi- 
cations contain climatological data for the province: Boletin da 
Commissao Geographica-geologica da Provincia de S. Paulo, No. 
3. A. Loefgren. Contains observations 1887-8. Re/atorio an- 
nual Instituto Agronomico do Estado de S. Paulo em Campinas. 
Dr. F. W. Dafert, director. 1892. 


THE FORECASTING OF OCEAN STORMS AND THE 
BEST METHODS OF MAKING SUCH FORECASTS 
AVAILABLE TO COMMERCE.* 


WILLIAM ALLINGHAM. 


Nore. The editor of this JoURNAL has received numerous requests that the papers 
prepared for the International Meteorological Congress, held in Chicago in August, 
1894, be reprinted in full in the JouURNAL. As this is impossible, owing to the large 
number of papers, it has seemed best to reprint certain of the articles only, and to 
select for this purpose those which are of the most general interest to the average 
reader of the JouRNAL. It is hoped that the selection thus made will be satisfactory. 
— Eb. 

VERY seafarer will very readily admit that the forecasting 

of such dread meteors as ocean storms is a far easier mat- 

ter in theory to the few than in practice to the many. Hence, 
I approach a consideration of this intensely interesting and 
highly important subject with a feeling of diffidence verging on 
despair. The interval allotted for reading the paper is neces- 
sarily limited, the field for discussion so vast and fertile, that 
for mortal to command success in his venture is impossible, 
however much he may strive to deserve it. Nautical men there 


* Reprinted from the Report of the Chicago Meteorological Congress, Part I., pp. 
150-158. 
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are, under every sky in the wide world’s navies, whether of 
peace or of war, thoroughly competent to treat the vexed ques- 
tion of ocean storms from a higher plane than I. The arduous 
duties of our noble but neglected profession, however, too often 
preclude close application to clerkly work of this nature, and 
mankind is thereby a decided loser. I have, therefore, accepted 
the invitation which you have done me the honor to give, as an 
earnest that, in the words of the illustrious Maury, a seaman is 
fit for other things than tacking ship or washing down decks ; and 
in the sincere desire to arouse seafarers of every nation, not only 
to assist in weather work by recording observations at sea and 
in unfrequented ports, but also by taking a far more active part 
in conferences at which nautical matters are brought forward 
for detailed discussion. 

The forecasting of ocean storms is of great utility, both to 
those that go down to the sea in ships and to those who prefer 
to gaze upon the mighty ocean from dry land. I have, conse- 
quently, deemed it necessary to deal with the subject chosen for 
me from both points of view. A navigator, remote from the 
land and the electric telegraph, is perforce his own forecaster 
of ocean storms ; and the gravest responsibility attaches to his 
decision, inasmuch as a misinterpretation of the scanty data at 
hand may tend to the total loss of his devoted bark and all her 
crew. He will rely upon such signs as sky and sea afford to 
men whose lives are spent in continual conflict with the ele- 
ments ; while, at the same time, not unmindful of instrumental 
indications and the published deductions from the experience 
of navigators who, in some instances, will long since have 
passed away down the dim corridors of time. An overwhelm- 
ing torrent of literature relating to the law of storms has flooded 
the market since it was first formulated, and the ebb is not yet. 
It would, however, be utterly unsafe to assume that increased 
certainty has been borne onward by the turbulent, frothy stream 
of words, either as to the law itself or the deductions therefrom 
embodied in so-called rules for handling a ship, that she may 
altogether avoid, or partially utilize, the winds of a cyclonic 
storm. Despite the immense amount of labor bestowed upon 
tracking these meteors by the aid of synchronous charts, I am 
reluctantly compelled to confess, without reserve, that naviga- 
tors have not been supplied with much information of really 
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practical value with respect to ocean storms subsequent to the 
discovery that they are, generally speaking, circular whirls of 
varying size and energy, moving onward, now fast, now slow, 
over the waste of waters. The sailor is unable to depend im- 
plicitly on the curiously contradictory conclusions of modern 
professional and amateur weather workers. He not infre- 
quently finds that his own watchfulness and faculty for gener- 
alization are much more essential to safety than all the drawing- 
room storm manceuvres in existence. Forecasting of storms at 
sea involves a rapid approximation to the values of several vari- 
able quantities ; and, having regard to the indisputable fact that 
weather workers on shore, although assisted as far as possible 
by electric communication with outlying districts, occasionally 
forecast a storm which fails to put in an appearance, or let one 
slip in on them unwittingly, there is matter for congratulation 
that navigators come out of the ordeal by wind and wave so 
well. To insure an exact result to any given prediction of an 
ocean storm, the anxious but self-reliant mariner must know the 
bearing of its centre, its distance from the ship, the direction 
whither it is travelling, and its rate of motion onward. Need I 
say that the modern book compiler, in a hurry, has only helped 
to make confusion worse confounded as regards our knowledge 
of these points. I most heartily agree with a statement refer- 
ring to ocean storms made by a well-known navigator, Capt. S. 
T. S. Lecky, R. N. R., that “we cannot but feel that to a great 
extent their origin, shape, and movements are, as yet, purely 
matters of speculation. So much that is contradictory is daily 
appearing, and such various plausible theories are being pro- 
pounded, that it is most difficult to arrive at any safe and prac- 
tical conclusion.” 

Probably no great discovery has ever flashed upon the world 
unless, and until, a path had been cleared through a dense 
growth of rank weeds of empiricism, and doubtless many a one 
came within almost measurable distance of the law of storms 
prior to the advent of Redfield: The first hurricane on record 
is, perhaps, that which Christopher Columbus and his hardy 
toilers on an unknown, awe-inspiring sea endured for three days 
and nights of leaden-footed hours, in their tiny craft near the 
Azores in February, 1493. It is, therefore, peculiarly appro- 
priate for prominent mention in this paper when all the world 
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and his wife have set their faces toward the Columbian Expo- 
sition at Chicago. Even five centuries ago seafarers noticed 
that the storm wind did not blow unceasingly from one direc- 
tion only, but from several points of the compass in succession. 
The Philosophical Transactions of 1698 contain a clearly-drawn 
word picture of West Indian hurricanes, by a Capt. Lang- 
ford, who was evidently intimately acquainted with some of 
these undesirable visitors. This old-time navigator pointed out 
that a West Indian hurricane is a whirlwind, in which the gale 
commences from the northward, gradually changing through 
west to south and southeast, which point being attained its fyry 
forthwith abates; or as the modern mariner, even of the most 
slender experience would say, cyclone)centres travel westward 
to the northward of the West India Islands. One page of 
nature’s entrancing book lay wide spread before the observant 
eyes of that merchant ship master, yet he failed to decipher its 
crabbed characters by the imperfect light which then prevailed 
in the world of science, even though he quaintly relates that 
storm warnings sent to more western islands from Dominica 
and St. Vincent, ten days in advance, were generally correct. 
He used to get under way and run out before the northerly 
gale in order to obtain the necessary and sufficient searoom to 
keep clear of the land when the wind should shift to the south- 
west. Three centuries ago, then, seamen were well aware that 
West Indian hurricanes were whirlwinds of comparatively in- 
significant diameter but awful energy, and that they might be 
fallen in with most often from July to September. Little, if 
anything, however, was known as to their direction and rate of 
travel. The full, change, and quarters of the moon were con- 
sidered critical periods, especially if the sun were exceptionally 
red, the stars with halos, the hills unusually free from cloud and 
mist, the northwest sky black and foul, or the sea smelling more 
strongly than its wont. Franklin, in a letter dated at Phila- 
delphia, July 16, 1747, wrote that “the air is in violent motion 
in Virginia before it moves in Connecticut, and in Connecticut 
before it moves at Cape Sable,” thus foreshadowing the result 
arrived at by Redfield, a naval architect of New York, to whom 
the world is deeply indebted for the very first reliable enunciation 
of the law of storms. He gathered together ships’ log books, 
laid down the data thus obtained in their respective geographical 
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positions on simple synoptic charts, and after several years of 
patient inquiry, promulgated his views about 1831. 

After the lapse of more than three score years this dauntless 
worker in the thorny path of unendowed scientific weather re- 
search still stands head and shoulders above all comers, save 
Maury, who has never been equalled as a passage shortener for 
sailing ships. Neither the masterly deductions of Redfield nor 
his well-devised methods of discussion have been improved 
upon, except in unimportant details. He demonstrated that 
North Atlantic cyclones have their birth-place eastward of the 
West Indies ; that their diameters measure 90 miles and up- 
ward ; that the wind force increases as the centre is approached ; 
that the rate of travel is from 10 to 30 miles an hour along a 
parabolic trajectory having its vertex, or point of recurvature, 
near the American coast in about N. 30°; that the changes in 
wind directions, experienced by ships as a cyclone passes over, 
vary according to their positions with respect to its centre ; and 
suggested that a cyclone whirled round a cylindrical axis which 
might be vertical or inclined, and, perchance, staggering on its 
course afflicted with a kind of nutation, thus causing the violent 
gusts and intervening lulls met with in the vicinity of the cen- 
tre. There is nothing new in the much-vaunted indraft theory 
of later writers, inasmuch as Redfield explicitly stated that he 
merely adopted the circular form of diagram for convenience 
sake. He deemed the circle good enough to show the fallacy 
of the straight-line theory of his time, but was not able to con- 
ceive that a storm whirl was purely circular, and had not any 
doubt whatever that in different quadrants of the same storm 
might be experienced any wind from rotatory to rectilinear. I 
shall later on try to indicate that this is precisely the position 
to-day. Redfield happily conjectured that storms of south lati- 
tude rotated in an exactly opposite direction to those north of 
the equator. In the old sailing-ship days, when passages were 
reckoned by months, not by minutes, British army officers had 
much sea experience, and sailors should be thankful that some 
of them observedand discussed the phenomena of ocean storms. 
Lieut. Col. Reid, R. E., confirmed Redfield’s views in every 
particular ; Dr. Thom, of the Eighty-sixth Regiment, came to 
alike conclusion ; and Piddington, of Calcutta, put the finish- 
ing touches to the law of storms by the publication of his sea- 
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man-like work, which is hard to beat even now. Over fifty years 
ago it was shown that a single storm may split up into two or 
more, and conversely ; that the winds in a cyclone may be some- 
what in-curved ; that ships under the influence of one should 
choose the coming-up tack ; and the storm tracks in the several 
seas were well indicated. Rules for storm sailing were made 
public which still obtain, with slight modifications. In 1849 
Capt. Andrews, commander of a British royal mail steamship, 
impressed upon Col. Reid that a ship would sail away from the 
centre by keeping the wind on the starboard quarter in the 
northern hemisphere and on the port quarter in the southern 
hemisphere ; provided, she would steer satisfactorily, and not 
broach to, a fact only known to those conversant with her sail- 
ing qualities. In 1872 Capt. Wales, harbor master at Mauritius, 
appears to have arrived independently at a similar rule, and this 
manceuvre is now given in the text books. It is to Piddington 
that we owe the term cyclone, as applied to revolving storms, 
which he derived from xvxdog ; not as some assert as affirming a 
true circle, but merely a closed curve, for in the Greek that word 
represents among other things the coil of asnake. There is a 
serious difficulty in the way of understanding exactly what 
Piddington and his contemporaries meant by “incurving spi- 
rals” and “ cycloidal”” wind systems. 

Modern weather workers have introduced so many tantalizing 
exceptions to the law of storms that a seaman aware of them 
would be bewildered. A ship at sea, in a cyclone, is not a fixed 
observatory. Hence, if this fact be ignored, it follows that 
arithmetical exercises relative to the angle of indraft will prove 
exasperatingly misleading. For practical purposes the circular 
theory is not more uncertain than any other. Blanford asserted 
that a cyclone centre may be from I to § points before the port 
beam when running with the wind right aft in the Bay of Ben- 
gal; F. Chambers concludes that the indraft varies from point 
to point around the whirl, increasing from zero to 35° as the ob- 
server recedes from the storm centre; Capt. Toynbee found 
that the indraft increases as the centre is approached and is 
more marked in front of the storm ; Capt. Whall is firmly con- 
vinced that with a good offing the wind blows directly for the 
storm centre in the rear; Ferrel proved mathematically that 
indraft varies not only with the distance from the centre, but 
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also with the latitude. Many other examples might easily be 
given of conflicting estimates for finding the bearing of a storm 
centre ; but enough has been said to show that the problem is, so 
far, an indeterminate one in a great measure. Even the term 
centre has not been satisfactorily defined. Granted that on 
synchronous charts the shape of a cyclonic disturbance is ellip- 
tical, with the major axis in the direction of travel, then is the 
so-called centre a physical point or an area at one or other of 
the foci, or at the intersection of the axes? Occasionally a 
cyclone extends right across the North Atlantic from America 
to Europe, and the question arises as to the bearing of the 
centre of such a system at positions along the closed curve. 
Abercromby does not help me to form any definite conclusion 
when he says that the centre of a cyclone is displaced toward 
one side of the oval and may move from one side to the other 
Yet the centre is the first requisite in forecasting a storm, 
Comment is superfluous from a nautical point of view. 

The average tracks of storms have been approximately known 
for many years, but even a cursory glance at the 1892 North 
Atlantic Pilot Charts, published by the U. S. Hydrographic Of- 
fice, shows that complicated and unexpected divergences from 
the usual routes occur at times. Similar instances are also 
noticeable in the erratic behavior of storms over other oceans 
which would upset the best laid plans of experienced storm 
forecasters. The storm tracks of 1883, determined by the U. 
S. Signal Service, clearly indicate that the route most affected 
by Atlantic cyclones runs from a position south of Newfound- 
land to the north of Scotland. They drift eastward directly 
along the track of the Gulf Stream. Some, however, which 
start well, either die out altogether or proceed due north in mid- 
Atlantic. Others form closed curves and defy prediction. In 
March one apparently broke up into two distinct cyclones, one 
of which made the Bay of Biscay, and the other Valentia, on 
the west coast of Ireland. In April one which had reached N. 
50°, W. 25°, broke off to southeast, east, and northeast, event- 
ually passing over Brest instead of Aberdeen, as a well regu- 
lated cyclone would have done. Another in mid-ocean travelled 
east, north, southwest, south, and northeast. In November a 
cyclone moved eastward to the southward of the Azores for 
three days ; and another in December moving southeast in N. 
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50°, W. 37°, turned east and northeast to N. 50°, W. 32°, thence 
north, west, south, and southeast to N. 48°, W. 32°, where it ap- 
parently joined forces with another, which, three days later, 
had followed it over Halifax, N.S. The rate of travel is also 
very variable. One of the above-mentioned storms moved 
over 20° of longitude during each of two consecutive days, 
but only 1o° during the following forty-eight hours. Occa- 
sionally a rapidly-moving storm comes to a halt for a few 
days and then takes up the running again like a giant re- 
freshed. Mr. R. H. Scott, and others, have referred to this 
fact at various times. Hence, there is little cause for surprise 
that the public-spirited attempt of the New York Herald to 
forecast storms bound across the North Atlantic was not so 
successful as it deserved to be. The average direction and rate 
of travel for cyclones over a given ocean avail but little when 
tracks are not infrequently looped and the onward motion any- 
thing up to 70 miles an hour. 

The electric telegraph has done much to make easier the lot 
of a storm forecaster on shore, working in a snug room far dis- 
tant from an approaching disturbance. Redfield, in 1847, 
seems to have suggested that this means of conveying storm 
intelligence between one place and another would be useful. 
The late Admiral Fitzroy may, however, be regarded as the pio- 
neer of storm forecasting based upon actual observations trans- 
mitted by wire from remote stations to a central weather office, 
to be dealt with there and warnings issued to seaports when 
necessary. His predictions were not always in agreement with 
the results, but it must not be forgotten that they were tenta- 
tive, and even now certainty is denied. The idea of warning the 
coasts of Europe by telegram from ships anchored in the ocean 
to westward has frequently been mooted, and warnings from 
North America are and have been in favor. The Anglo- 
American Telegraph Company sent messages without charge 
from Heart’s Content, Newfoundland, to England, but the place 
of observation was unsuitable for the purpose and they were 
discontinued in 1871. James Gordon Bennett obtained better 
results in a similar way at his own expense, and France has not 
lost all faith in this method, as she still receives information 
from Washington of storms encountered by steamships bound 
westward. The U.S, Hydrographic Office is in possession of 
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many records of the weather experienced by the Atlantic “ grey- 
hounds,” and an examination of these passages would perchance 
determine whether, and how often, a “ Campania” or a “ Paris” 
might give reliable storm warnings at either end of the journey, 
provided every effort were made to obtain such information im- 
mediately upon arrival at Queenstown, Southampton, and New 
York. Her Majesty’s ship “ Brisk” anchored for six weeks at 
the entrance to the English Channel as a stationary storm- 
warning vessel, but she proved a failure. It may be that those 
responsible did not have their hearts in the work ; for Capt. 
Wharton, R. N., Hydrographer to the British Admiralty, has 
said that anchoring at sea is not such a physical impossibility as 
some shore folk believe. Morse thought that simple automatic 
registering buoys might be dotted over the ocean, and Capt. W. 
Parker Snuw has been bold enough to indicate a cordon of ships 
at intervals of 500 miles anchored between North America and 
Europe, in electrical communication with each other and with 
the land. 

If storm warning be worth doing at all it is worth doing well, 
and money should no more be begrudged in promoting the safety 
of life than it is tothe invention of means for the more expeditious 
destruction thereof. There should be educated observers, nauti- 
cal men by preference, familiar with weather indications at their 
several stations, at Martinique, St. Thomas, Habana, Nantucket, 
Cape Sable, Cape Race, Valentia, Iceland, Bermuda, Madeira, and 
Flores, all in communication by submarine cable with the United 
States and Europe. Science is catholic, and each maritime 
nation might be required to support this international system of 
storm warning. If this be impossible, then I would suggest that 
synchronous charts for the whole globe be undertaken, on Which 
would be carefully laid down the requisite information, but free 
from an undue striving after artistic effect which adds nothing 
to their utility though much to their cost. They should be in- 
ternational in every way, and after the weather workers of each 
nation have drawn isobars, etc., on precisely the same data, a 
critical comparison should be carried out by a truly representa- 
tive conference; the best sets chosen, not as specimens of 
geometrical drawing, but as representations of fact, and deduc- 
tions for storm warnings made therefrom. An accurate ac- 
quaintance with the conditions that prevail twenty-four hours, or 
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more, previous to the passage of an awful cyclone over an ex- 
posed roadstead or coast line, may be of infinitely greater value 
to navigators and shore forecasters than the most detailed clima- 
tological treatise based upon insufficient data. Similarly, points 
of vantage in other oceans should be coupled up with the cen- 
tral forecasting establishments in the vicinity and provided with 
competent observers. 

A storm warning to be of use to the shipping community, 
whom it principally concerns, must fulfil several conditions. It 
must be of such a nature as to be easily understood by naviga- 
tors in ships of all nations; it must really be a notification that 
a gale will blow from a specified direction, and proceed along a 
clearly-defined track, and not merely a record of present weather, 
or a false alarm; and it should be sufficiently reliable and ex- 
planatory to assist seafarers in arriving at a proper appreciation 
of weather to seaward. In fact, off Ushant and Finisterre, for 
example, a ship might be informed not only as to the storm 
expected at either place, but also farther north or south, as 
necessary. The storm signals should be clear enough to do 
away with any necessity for reference to telegrams on view in 
the vicinity. It is not sufficient that a navigator be only in- 
formed whether the northern or southern portion of a cyclone 
is expected to pass over the station displaying the signals. The 
question as to the best form in which warnings should be made 
is a strictly nautical one, and might be decided by a committee 
of representative officers of war-ships and merchantmen. The 
international code of signals might be utilized, notwithstanding 
the disadvantage of flags in a calm, or blown out directly to or 
from an observer. They are, however, probably preferable to 
shapes, such as cones or rectangles ; and semaphores find many 
admirers. Light-ships in connection with the shore by sub- 
marine cable, signal stations, life-saving stations, and light- 
houses should all be pressed into the service of warning for 
ocean storms both by day and by night. 

I have, doubtless, tried your patience considerably, yet the 
magnitude and importance of forecasting ocean storms would 
demand for a due appreciation thereof a far more extended 
scope. If this paper will but awaken navigators of the world’s 
war-ships and mercantile marine to the desirability of making 
their voices heard more frequently with no uncertain sound on 
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points connected with their well being, I shall not have en- 
croached upon your time and attention in vain. I cannot do 
better than close this necessarily imperfect sketch by quoting 
the words of Capt. D. Wilson Barker, R. N. R., who has devoted 
himself to marine weather work, especially in the direction of 
cloud observations: “ Probably no prognostic is so valuable to a 
sailor as that afforded by clouds, particularly those of the cirrus 
formation ; and while their value as prognostics has been recog- 
nized from the most ancient times, it is only rarely cultivated, 
and yet I have no hesitation in saying that there is no weather 
warning for an isolated observer that can in any way compare 
with them.” My old master, Capt. Henry Toynbee, whose 
name is a household word among officers of the British mercan- 
tile marine, Ensign Everett Hayden, U. S. Navy, and other 
observers, have also mentioned the same fact for the benefit of 
navigators. Capt. A. G. Froud, R. N. R., has just sent me an 
interesting letter of Vice-Consul Ramsden, at Santiago de Cuba, 
explaining the method of Padre Vifies at Habana, a well-known 
authority on West Indian hurricanes, and stating that in Cuba 
cirrus gives the first indication of the position of a hurricane, 
and that the clouds “enable one to say whether the low barom- 
eter is due toa circular storm or not.” Nevertheless, it must 
not be forgotten that cloud observation requires careful train- 
ing, and schools for teaching the elements of weather work, are 
conspicuous by their absence on this side of the North Atlantic. 
Many leagues away, I cannot but await your reception of my 
paper with some trepidation, mindful, however, of the fact that 
the man of science “loveth truth more than his theory,” and 
that the subject is of itself far more important than the manner 
of explanation. 


SUNSPOTS AND AURORAS. 
PROF. H. A. HAZEN. 


ROF. LOOMIS was the first to show the apparent coinci- 
dence between sunspots and auroras, and he prepared three 
tables which may be found in his “ Meteorology,” page 282, 
“American Journal of Science,” Vol. 50, 1870, pages 156 and 
163, and Vol. 5, 1873, pages 247 and 256. These results dif- 
fered slightly from each other as the research became more 
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extended ; and to show the steps in this study I give here the 
table selected from the three papers mentioned above. 
sunspots I have selected the relative numbers given by Wolf in 


For the 


I have begun this table with the year 


SUNSPOTS AND AURORAS. 


1816, as the data were much more extensive and the observations 
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more carefully made after that year. The latter part of the 
q table contains Wolf’s sunspots as before, but the auroras are 
those observed by the Weather Service over the whole country 
(United States). I have given the data in the column next to the 
Jast exactly as observed, but it is evident that these numbers are 
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comparable only for two or three contiguous years, each to 
each. The number of observers steadily increased and hence 
the records are much too large for comparison in the later 
years. In the last column I have attempted to modify these 
auroral numbers so as to make them comparable. 

The question of the best method of combining these auroral 
records so as to give strict uniformity is a very serious one, and 
the difficulty will become more apparent as the number of 
stations is increased. For example, on Feb. 22, 1894, the 
“Monthly Weather Review” records 499 observations of the 
aurora ; the succeeding day there were 548, and on* March 30, 
there were 629. It seems as though two stations as close to- 
gether as Boston and Cambridge, Mass., or Portland and Fort 
Preble, Me., should not both be counted. If we had the whole 
country north of the 35th parallel and east of the rooth meridian 
uniformly covered with stations and the number{was kept con- 
stant we would have an ideal condition for noting the extent of 
auroras. In the absence of such uniformity in the observations, 
however, it would be far better to give each State a weight 
according to its area. For example, suppose the unit of area 
is eight thousand square miles and a State having that area 
has fifty stations, while a State seven times as large has but 
twenty-five, according to this scheme the reports from the latter 
should have fourteen times the weight of the former, or in the 
cases cited, fifty and three hundred and fifty, provided they are 
on the same parallel. For the present we must take the data 
as recorded and must be careful not to rely upon them to a 
greater extent than they will bear. Perhaps a still more impor- 
tant matter is an observation of the intensity of the aurora. It 
seems to me that a careful examination of the table before us 
does not show a close agreement between the two phenomena, 
but there are marked indications of an increase in auroras four 
or five years after the sunspot maximum. Compare with each 
other the maxima of 1837 and 1841, of 1848 and 1852, of 1860 
and 1865, of 1870 and 1874, of 1883 and 1886 of the two 
phenomena. The agreement in the minimum years, however, 
is nearly exact all the way through. We may say that the ten- 
dency is for sunspots and auroras to reach maximum and mini- 
mum points at very nearly the same year, but the indications 
are marked that they are not simultaneous. 








































= 


224 The American Meteorological Fournal,  [Ocr., 1894. 


A better way to get at this connection, if there be one, would 
be by comparing the records of both for individual dates. If we 
combine a very large number of records in an indiscriminate 
total for the year, we are liable to cover up the very fact we wish 
to determine. In comparing single days it would seem best to 
arrange the data according to the period of the rotation of the 
sun, for this would add an important line of study in an attempt 
to identify a relationship, I have projected in curves all the 
sunspots measured on the Greenwich and India photographs from 
1881 to 1888, and also the auroral numbers as recorded in this 
country. I then marked every prominent sunspot maximum and 
auroral maximum. Of the former there were 106 and of the 
latter 98 in the eight years. I then counted up all the sunspot 
maxima that did zo¢ have an auroral maximum within two days. 
before or after, and found 79 out of the 106; in like manner, 
there were 69 auroral maxima that did not havea corresponding 
sunspot maximum within two days. I then counted the number 
of days in which spots appearing by rotation did not have 
auroras within two days before or after, and found go out of 106; 
and correspondingly with auroras, there were 78 out of 98 cases 
of the aurora which did not occur within two days, before or after 
spots appeared by rotation. This evidence shows conclusively 
that auroras and sunspots are not concomitant or coincident 
phenomena. Still more strongly is it shown that sunspots 
appearing by rotation do not have auroras accompanying 
within two days, before or after; and in only 20% of the cases 
when auroras appear are there sunspots appearing by rotation 
within two days, before or after. 

Both of these lines of study show that there is no direct con- 
nection between these phenomena. The same might have been 
inferred from the fact that sunspots are often persistent for a 
whole half rotation of the sun, while auroras are pre-eminently 


‘intermittent or occasional phenomena. It would seem probable 


that auroras are due to a special agitation or disturbance at the 
sun, and this may act at any time while spots are visible, or even 
when they are not prominent. 

It is of interest to inquire as to the annual range of these 
phenomena, that is, their fluctuation from month to month. 
For this purpose I have summed all the auroras observed during 
the twenty-three years by months and have also summed the 
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sun’s spottedness in the same manner. The following table 
gives these values : — 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


Auroras. 1005 1455 1396 1724 1270 1061 1223 1210 1785 1630 1240 912. 
Sunspots. 1861 1855 1925 2605 2184 2108 2416 1440 2287 2583 2356 1926. 


It will be seen that there is a remarkable correspondence in 
these results and one entirely unexpected. There is amaximum 
in the two in April and the second maximum comes in Septem- 
ber for auroras, and October for sunspots. Of course the sun- 
spots are far too few to show any reliable law, but it seems to 
me that this agreement in annual range is important, and may 
lead to a still farther determination of the force that is back of 
both. It is an interesting fact that some of our severest torna- 
does occur just at the time of this April maximum, and there is 
a very remarkable increase in storm conditions entirely inde- 
pendent of direct heat action from the sun. I do not imply 
that there is a causal relation between these phenomena; in fact, 
the records have shown already that there is not a relation, but 
there seems to be some cosmical effect acting upon both these 
conditions and tending to bring them to a maximum at these 
times of the year. I will give a single word of caution: while 
the nights are much longer in January, and I think most people 
regard the winter months as the auroral months far excellence, 
yet itis not till April that the air becomes more comfortable for 
observation, and we may well suppose that many more hours will 
be spent out doors by most observers in the spring than in 
winter, so that the increase in auroras at this time may be par- 
tially due to this. This leaves the September maximum still 
unexplained, however. 

It is also of interest to inquire whether there is an influence 
from the sun acting in recurring periods in producing sunspots 
and auroras. This subject has already received an enormous 
amount of attention and perhaps more than it really deserves. 
It is known that the spots on the sun have a different period of 
rotation according as they are situated near or far from the 
equator. An approximate period is 27 days though it has been 
computed by different persons as ranging from 26 to 274 days. 
I have computed the sunspot measures according to a large 
number of these periods, and all have led to the same conclusion, 
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so I have chosen the 27 days period for this discussion. If we 
arrange the sunspot or auroral numbers according to any period 
\ of rotation, and then sum one hundred or more of these rota- 

tions, we shall be in danger of covering up the very fluctua- 
i tions that we are in search of, but we may avoid this by taking 
each ten rotations and summing these by themselves. The 
results for sunspots have already been published in ‘“ Science,” 
for March 9g, 1894, and the curves are here reproduced. These 
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Each curve represents the mean of 10 rotations of the sun. I begins with April 
21, 1881; T, the last curve, is the mean of 100 rotations. 


bs curves show conclusively that there is no specific recurring 
influence or outburst from the sun at regular intervals or on any 
it one or more days of the rotation. It would be rather difficult 
i to find curves differing so much in their fluctuations. 

iW In like manner I have projected the curves for auroras but I 
give only the figures here without reproducing the curves. If 
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these figures are projected in curves as in the case of the sun- 
spots, it will be seen that there is no law or coincidence of 
phases running through the curves, at any specific date, and the 
view that there are such coincidences falls through. Precisely 
the samie result is had when we take any other period for the 
solar rotation, such as 26.68 days, or 27.27778 days. If now we 
compare the curves for sunspots with these for auroras, we are 
struck with the lack of uniformity in the different maximum and 
minimum points. It seems to me that a line of investigation 
with sunspots and auroras is the most promising that can be 
taken in a study of the possible effects from some cosmical 
force upon our atmosphere. These conditions, sunspots and 
auroras, are pre-eminently independent of terrestrial conditions, 
and surely if there is any such effect we should find it in them 
rather than in any strictly meteorologic conditions. These two 
are generally admitted to be electrical in their origin, and their 
manifestations should be susceptible of study for periods or for 
effects from some cosmic source of energy, to much the best 
advantage of any elements of which we are cognizant. I would 
not be understood as favoring the idea that there is not some 
connection between these phenomena, but simply that the 
methods thus far adopted have failed to show the relationship or 
the source of energy back of both. 


May 19, 1894. 
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CURRENT NOTES. 


The Effect of Deforestation on Water Supply.*— For ages man has 
taken sides against the forest. Not only has he contested for the occu- 
pancy of the soil, in order to cultivate his crops or to make the meadow 
for his cattle,—a most legitimate and justifiable proceeding,— and not only 
has he utilized the vast stores of wood accumulated through centuries, 
for the ten thousand uses to which this material can be applied, and in the 
application of which he exhibits his superior intelligence, but he has also 
shown a woful lack of intelligence in the wilful or careless destruction of 
the forest without justifiable cause, and by just so much curtailing the boun- 
tiful stores provided by nature for him and his progeny. Not only has he, 
like a spendthrift, wasted his stores of useful material, but more — he has 
wasted the work of nature through thousands of years by the foolish destruc- 
tion of the forest cover, wresting from it the toilsomely achieved victory 
over the soil. He has destroyed the grasses and even all vestige of vege- 
tation, and has handed over the naked soil to the action of wind and water. 
As the fertility and agriculture of the plain is dependent upon the regular 
and equable flow of water from the mountains, such as a forest cover alone 
can secure, he has by baring the slopes accomplished in many localities 
utter ruin to himself, and turned them back into inhospitable deserts as they 
first were before the struggle of the forest had made them inhabitable. 

One would hardly believe that certain mountains in France had ever seen 
a luxuriant forest growth, and could, during historic times, have been so 
utterly despoiled of their vegetal cover. Yet axe, fire, and cattle have been 
most successful, and the consequences have been felt not only in the moun- 
tains, but in the valleys below. The waters in torrents have brought down 
the soil and dééris, covering out of sight the fertile fields of thousands of 
toiling farmers. They themselves have brought this ruin upon them on 
account of their ignorance of the relation of forest cover to their occupation. 
Now, with infinite hard work and expenditure of energy and money, the 
slow work of restoring the forest to its possessions has begun. The first 
work is to take care of the rain waters, and by artificial breaks turn them 
from rushing torrents over the bare surface into a succession of gentle runs 
and falls by fascine and stone works. This work must be begun at the very 
top of the mountains, at the very source of the evil, where the water receives 
its first momentum in the descent to the valley. The fascines or wattles, 
laid across each rivulet at more or less frequent distances from each other 
and fastened down by heavy stones, are made of live willows or other 


* From “ The Battle of the Forest,” by B. E. Fernow. National Geographic Mag- 
azine, Vol, VI. pp. 141-145. 
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readily sprouting species, which in course of time strike root and become 
living barriers. The pockets behind these breastworks gradually fill up, 
and the contour of the mountain side is changed from an even and rapid 
descent into a series of steps with gentle fall over which the formerly rush- 
ing waters, gradually and without turbulence, find their way to the valley 
below. Where the incline is too steep and higher breastworks are necessary, 
they are made of masonry, sometimes at great expense. At the base of 
these overflow dams an opening is left for the water to drain through, even 
after the depression behind the rampart has filled up with dédris and soil 
has washed down from above. Then when in this way the soil has come 
to rest, forest planting begins, and gradually the torrent is ‘‘ drowned in 
vegetation.” Sometimes, where on a steep mountain side the naked rock 
alone has been left, it becomes necessary to carry in baskets the soil to the 
trenches hewn in the rock, where the little seedlings may take their first 
hold, until they are strong enough to fight their own battle, and make their 
own soil, gradually restoring the beneficent conditions which nature had 
provided before the arrival of man and his senseless, improvident, self- 
destructive greed. By the irrational destruction of the forest, first for the 
supply of timber, then through the careless use of fire, by the clearing for 
unsuitable farm use, by excessive grazing of sheep and goat, the mountain 
sides themselves are not only devastated and made useless, but fertile farms 
for two hundred miles from the source of the evil are ruined by the deposit 
of the désris, and the population pauperized and driven from their homes. 
Many millions of dollars have been and many more will have to be spent 
before these regions become habitable again. 

That we are working in this country toward the same conditions is too 
well known to need rehearsal. Go to the shores of Lake Michigan or visit 
the coast of New England, New Jersey, Pennsylvania, down to the Gulf, 
and you can see the destructive action of the shifting sands set loose by 
improvident removal of the plant-cover. Go to the Adirondacks, the high- 
lands of Mississippi, or the eastern slopes of the Rocky mountains, and 
aspects similar to those derived from France will meet your view. 

Thus McGee graphically describes the formation of the Mississippi 
bad lands * : — 

‘¢ With the moral revolution of the early sixties came an industrial evo- 
lution; the planter was impoverished, his sons were slain, his slaves were 
liberated, and he was fain either to vacate the plantation or greatly to 
restrict his operations. So the cultivated acres were abandoned by thou- 
sands. Then the hills, no longer protected by the forest foliage, no longer 
bound by the forest roots, no longer guarded by the bark and brush dam 
of the careful overseer, were attacked by raindrops and rain-born rivulets 
and gullied and channelled in all directions; each streamlet reached a 
hundred arms into the hills, each arm grasped with a hundred fingers a 
hundred shreds of soil, and as each shred was torn away the slope was 
steepened and the theft of the next storm made easier. 


* In a paper read before the American Association for the Advancement of Science, 
at Washington, in 1891 (not printed). 
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‘¢ So, storm by storm and year by year, the old fields were invaded by 
gullies, gorges, ravines, and gulches, ever increasing in width and depth, 
until whole hillsides were carved away, until the soil of a thousand years’ 
growth melted into the streams, until the fair acres of ante-bellum days 
were converted by hundreds into bad lands, desolate and dreary as those of 
the Dakotas. Over much of the upland the traveller is never out of sight 
of glaring sand wastes where once were fruitful fields ; his way lies some- 
times in, sometimes between, gullies and gorges, the ‘‘ gulfs ” of the blacks 
whose superstitions they arouse, sometimes shadowed by foliage, but oftener 
exposed to the glare of the sun reflected from barren sands. Here the 
road winds through a gorge so steep that the sunlight scarcely enters ; there 
it traverses a narrow crest of earth between the chasms, scores of feet deep, 
in which he might be plunged bya single misstep. When the shower comes 
he may see the roadway rendered impassable, even obliterated, within a few 
minutes ; always sees the falling waters accumulate as viscid brown or red 
mud torrents, while the myriad miniature pinnacles and defiles before him 
are transformed by the beating raindrops and rushing rills so completely, 
that when the sun shines again he may not recognize the nearer landscape. 

‘¢ This destruction is not confined to a single field or a single region, but 
extends over much of the upland. While the actual acreage of soil thus 
destroyed has not been measured, the traveller through the region on horse- 
back daily sees thousands or tens of thousands of formerly fertile acres now 
barren sands; and it is probably within the truth to estimate that 10 per 
cent of upland Mississippi has been so far converted into bad lands as to be 
practically ruined for agriculture under existing commercial conditions, and 
that the annual loss in real estate exceeds the revenues from all sources ; 
and all this havoc has been wrought within a quarter century. The pro- 
cesses, too, are cumulative ; each year’s rate of destruction is higher than 
the last. 

‘¢ The transformation of the fertile hills into sand wastes is not the sole 
injury. The sandy soil is carried into the valleys to bury the fields, invade 
the roadways, and convert the formerly rich bottom lands into treacherous 
quicksands when wet, and blistering deserts when dry. Hundreds of thou- 
sands of acres have thus been destroyed since the gullying of hills began a 
quarter of a century ago. Moreover, in much of the uplands the loss is 
not alone that of the soil, z. ¢., the humus representing the constructive 
product of water work and plant work for thousands of years; but the man- 
tle of brown loam, most excellent of soil stuffs, is cut through and carried 
away by corrosion and sapping, leaving in its stead the inferior soil stuff of 
the Lafayette formation. In such cases the destruction is irremediable by 
human craft—the fine loam once removed can never be restored. The 
area from which this loam is already gone is appalling, and the rate of loss 
is increasing in a geometric proportion.” 

What the farmer has brought upon himself here by excessive clearing, 
the lumberer, prospector, miner, or hunter prepares in the farther west by 
reckless and purposeless use of fire. Burnt mountain sides, where no living 
thing can subsist in comfort, cover not acres but hundreds of square miles 
in the western country. While the first fire only deadens the trees or under- 
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mines their constitution, the second or third fire usually is sufficient to kill 
what remain alive and even to clean up the fallen timber. That these bald 
spots are not more frequent than theyare is only due to the short period 
of our endeavors in disturbing the balance of nature. 


The Effect of Cultivation on Rainfall in California. — From a circular 
issued by Mr. B, S. Pague, Local Forecast Official at San Francisco, and 
dated May 14, 1894, we take the following : — 

‘¢ The amount and distribution throughout the year of rainfall in Califor- 
nia is a most vital question, and one that attracts more attention than any 
other statistical statement of climatic conditions that can be issued. As 
much depends upon the distribution of the rain in the various weeks of the 
year, as upon the total amount that may fall in any given season. Heavy 
rainfall in December, January, and February, and light rains, or none at all 
after the rst of April, are of little benefit, while light rain from November, 
at intervals of a few days, up to the middle of June makes an ideal year for 
the agriculturist. Due to conditions, which are not necessary here to relate, 
the rains of California occur principally in the three winter months. The rain- 
fall is heaviest in Del Norte and Humboldt counties on the north, fiom 
which it gradually decreases in amount along the immediate coast to San 
Diego in the south ; in the interior it is heaviest in Siskiyou and Shasta 
counties whence it gradually decreases to San Diego County. The amount 
of rainfall along the coast is from 77 inches in Del Norte County to 11 
inches in San Diego County ; in the interior, from 40 inches in Siskiyou to 
5 inches in the eastern part of San Diego County. From a line drawn east 
and west through the southern line of Sacramento County, northward, the 
rainfall in California is 20 inches or more; south of such a line it is less 
than 20 inches. Twenty inches of rainfall in any year or season is ample 
for all purposes for vegetation when such an amount is well distributed 
through the various months, especially in the months when vegetation is 
maturing, from April to July. Over the section of California where the 
rain amounts to less than 20 inches in any year or season, or where it is 
badly distributed, z. ¢. when practically no rain falls from March to July, 
then irrigation is necessary to insure the successful growth of vegetation, be 
it cereal or fruit. There is a large portion of California where all conditions 
are favorable for the production of any product known to the temperate 
zone, and for many articles of the tropic or semi-tropic zone, save the 
absence of rainfall. This deficiency is overcome by the extensive irrigation 
ditches and the consequent supply of water for supplying that which nature 
has failed to do. In years of drouth, as the present, even the irrigation 
ditch is guarded most jealously. 

This prelude leads up te the question, Is there no way to help or assist 
nature to furnish man with water in the shape of moisture from the clouds ? 
Within the memory of the present generation common school geographies 
spoke of and contained on the maps of the United States what was then 
termed the ‘‘ Great American Desert.” This desert has passed away. The 
questions then are, Has the rainfall increased? What conditions have 
arisen to change the so-called ‘“‘ desert”? First, it should be known the 
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section defined as a desert was not in reality a desert as the term is techni- 
cally and generally understood. The semi-desert conditions which prevailed 
have been overcome by the advent of railroads, settlements, cultivation of 
the soil, planting of trees, and last, but not least, by irrigation. These are 
the causes which changed the ‘‘ desert * into one of the most fertile sections 
of the United States, and which will materially reduce the difficulty of 
Nature’s deficient supply of moisture, especially in dry or drouth years in 
California. The cultivation of the soil allows the moisture which falls to 
be absorbed by the soil, rather than allowing it to run off, as is the case in 
hard and unworked soils, hence a greater amount of moisture is present, 
which evaporation produces a higher percentage of moisture in the air; the 
food for a storm is heat and moisture ; hence the influence of the cultivation 
of the soil is facilitating the deposit of moisture. The planting of trees serves 
a two-fold purpose in this connection. The leaf surface of the tree is very 
great, when the aggregate is considered; hence, can be seen the great 
amount of increased humidity obtained from the moisture which is thrown 
off by the leaves ; secondly, the roots of trees serve as a sponge, when taken 
in connection with the soil. Surrounding the roots which serve to absorb 
and retain moisture and to allow its gradual escape to springs, thus affording 
a more constant supply to the streams, preventing their drying up and 
affording a greater amount of moisture tothe atmosphere. The various sys- 
tems of irrigation, distributing moisture to the soil, which in turn is 
absorbed by the vegetation and finally evaporated, furnish a most satisfac- 
tory means of making the air more humid and of making the conditions 
more favorable for possible rainfall. All of these conditions combined add 
very greatly to the moisture of the air, hence food for the storm, and facili- 
tate the possibility of rain when without these artificial means rainfall would 
be practically impossible. Hence, it may be considered that the opening up 
of the land to tillage, planting of trees, the building of railroads, and general 
covering of many square miles of vegetation that were formerly barren 
wastes, have a tendency to retain the moisture from the clouds, and this in 
turn renders the air more humid so that there is an actual increase in the 
moisture of the air, beneficial to vegetation. In this connection the follow- 
ing from United States Department of Agriculture, Forestry Division, 
Bulletin No. 7, will prove of interest : — 

“There is one region deficient in rainfall and water supply for which 
claims in behalf of an actual or possible increase of rainfall due to human 
agency are less often made, but which the preceding analysis leads me to 
believe would not be unreasonable to anticipate. I refer to the San 
Joaquin Valley of California. This valley is flanked by the Coast Range 
on the west and by the Sierras on the east. The moisture evaporated from 
the surface cannot escape from the basin, but will be largely precipitated 
either over the valley or on the sides of adjacent mountains which constitute 
its water shed. If, therefore, the increase in irrigation and in the extent of 
cultivated area produces a material increase in the evaporation, it seems 
reasonable to expect that this moisture will be restored by an increased 
rainfall in the valley and on the adjacent mountain sides. One considera- 
tion only would appear to retard and diminish this effect. The enclosure 
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of the valley prevents that rapid indraught of air which renders possible a 
rapid vertical circulation. Thus the activity of the whole process is rendered 
sluggish and the total amount of moisture passing through the cycle from 
evaporation to rainfall is smaller than witha more rapid circulation.” 

Unfortunately, there is no long record of rainfall in California or in any 
section of the semi-arid regions of the United States. At Sacramento and 
at San Francisco very accurate rainfall records exist from 1849 to the pres- 
ent time. Sacramento is not a good representative of the semi-arid section 
of California to show the effect of the settlement and development of the 
country on the rainfall, while San Francisco is an ideal station to compare 
with, the latter station being out of the influence of any artificial means 
that might influence the rainfall. The distance between the two stations is 
about eighty miles. 

Using the records from those stations, and grouping the years together 
in five-year periods, we have the following results in percentages of the va- 
riations in the rainfall for each period from the normal : — 


SAN FRANCISCO. SACRAMENTO. 

1850-54 . ; , ; ; ‘ —I2 +4 
1855-59 . ‘ ° ° ° . —4 —18 
1860-64 ; ; ; . ‘ . +1 +2 
1865-69 ‘ ; ° . ° ‘ +12 +8 
1870-74 ‘é ‘ ‘ ‘ > . —I!I —I3 
1875-79 ; ‘: : ‘ : n +2 —>2 
1880-84 ‘ . ; ‘ ‘ . +6 +22 
1885-89 . ‘ P ; . ° +3 +1 
1890-94 ° ° ‘ ‘ ° ° —7 —1 
—34 — 

Sums , ; . ‘ ° : +24 437 


Showing that at San Francisco, in the total, there is a deficiency of 34 
and an excess of 24, or 10%, in favor of the former for the whole period of 
44 years, while at Sacramento there is a deficiency of 34 and an excess of 
37, or an increase of 3% in the rainfall for the period, indicating quite clearly 
that the rainfall of Sacramento is on the increase due to cultivation, tree 
planting, irrigation, etc., and it is reasonable to presume that the ratio of 
increase prevails in all sections of the interior, removed from the influence 
of the ocean currents. It is not to be understood that yearly there is a 
3% increase in the precipitation at Sacramento, but that in the aggregate 
there is that much of anincrease. As to what the future may be, present 
knowledge of meteorological science prevents an intelligent answer, but it 
is very reasonable to presume that the more development there is in the 
State the greater are the possibillties of an increase in rainfall. 


The Daily Period of Wind Velocity on Mountains. — At a meeting of the 
Imperial Academy of Sciences of Vienna, held June 14, 1894, Dr. J. Hann 
presented a paper on *‘ The Daily Period of Wind Velocity on the Sonn- 
blick and on Mountain Summits in General.’? The minimum wind veloc- 
ity on the Sonnblick is found to come between 8 and 9 A. M., in the average 
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for the year, and the maximum at 8 p.m. The eight-year records on the 
Santis also show an early minimum between to and 11 A. M. An examina- 
tion of the wind records for Blue Hill, the Eiffel Tower, Ben Nevis, the 
Obir, and Pike’s Peak w@s made, and it was found that for the height of 
1,400-4,300 meters, the minimum wind velocity comes exactly at noon. 
If the stratum of air of 300 meters is added, the minimum is found to occur 
before noon. Dr. Hann gives the following possible explanation for this 
phenomenon. The surface of the mountain, warmed during the day more 
than the free atmosphere, has a similar effect on the anemometer placed on 
the summit of the mountain as the warmed surface of the ground has on 
the anemometer on the Eiffel Tower. It must be assumed that the prin- 
cipal effect comes from the sides of the mountain only a few hundred meters 
below the summit, and that the mountain winds which blow up later from 
the valley, and soon cause increased cloudiness and even cloud caps, inter- 
fere with this process. The great ascending mass of air, therefore, would 
have nothing to do with this process, for if it did, the minimum wind veloc- 
ity would come in the afternoon on high mountain tops. 

From the Espy-Koeppen theory in regard to the diurnal variation of wind 
velocity, it follows that the increase in wind velocity during the day, due to 
the heating of the lower air, should be first noted near the earth’s surface, 
and should then reach to higher levels. The records for Paris (Bureau 
Central), Boston (Weather Bureau), Blue Hill, and the Eiffel Tower, con- 
firm this deduction, as is seen in the following table of times of minimum 
wind velocity at different heights above the earth’s surface in summer : — 


Height : . ‘ . : , 21 m. 58 m. 142 m. 305 m. 
Time of minimum ; ; ° ° 34.M. 5A4.M. 8A.M. 10 A. M. 


At ten A. M., the interchange of ascending and descending air currents 
has passed the height of three hundred meters, so that from that time on 
more rapidly moving strata from above come into play at this level, and the 
decrease of wind velocity therefore ceases. Dr. Hann believes that this 
vertical interchange may reach as high as 1000 meters on clear days, but 
certainly not to much greater heights. 


The Kite as a Life-Saver at Sea.— An interesting method of using the 
wind as a means of saving life at sea was discussed in a paper on “‘ The 
Kite as a Life-Saver at Sea,” by J. Woodbridge Davis, in the May number 
of the “ Engineering Magazine.” After numerous experiments it has been 
found possible to make a strong, light, and pliable kite which can be man- 
aged with two lines, used like reins in driving, and with the same effect. 
In the summer of 1892 a seven-foot kite was used to draw a wagon along a 
sandy beach at Arverne, Long Island, and it was found that with a breeze 
blowing directly in-shore or off-shore the wagon could be made to travel up 
and down the beach. 

The most interesting experiments made were concerned with the employ 
ment of the kite as a means of carrying life-lines from vessels to the shore. 
On April 23, 1893, a kite attached to a life-line was let go from Brenton’s 
Reef Lightship, and steered carefully for a house on the tip of Brenton’s 
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Point, one and one half nautical miles away. To insure success, another 
kite was hooked on half a mile behind the first. The experiment was very 
satisfactory, for the kite and the buoy attached to it were found some twenty 
yards to the eastward of the point aimed at. @h June 23, with a twenty- 
five mile breeze from the north, and a strong flood-tide from the south, a 
kite was sent out attached to the end of a five-inch hawser, without a buoy. 
In twelve and one half minutes the 200 fathoms of hawser were towed out, 
against the tide. The pull of the kite was so great that six men were 
required to haul it back to the ship, and it was by no means easy for them 
todoso. This experiment showed the possibility of sending a towing-line 
from a rescuing vessel to a disabled ship at sea, a proceeding which is very 
difficult and dangerous in heavy weather. 


Annual Report of the New Jersey Weather Service. — The annual report 
of the New Jersey Weather Service for the year ending Oct. 31, 1893, is 
at hand. This is the fourth annual report of this service, and was prepared 
by Mr. E. W. McGann, the director. Mr. McGann’s statement of work 
done during the year is very encouraging, and shows that this excellent 
service has in no way deteriorated during the past twelve months. The 
number of observers has increased to fifty-nine ; the number of displaymen 
is sixty-seven, and the number of crop correspondents has increased from 
eighty to ninety-four. The monthly issue of 500 copies of the ‘‘ Monthly 
Report” has not, in many cases, been sufficient to supply the demand, and 
the circulation of the Weekly Crop Bulletin has been increased from 1,500 
copies to over 2,000 copies a week. The Weekly Bulletin has also been 
much improved, both as to its general appearance and its contents. 

A very important piece of work accomplished during the year was the 
preparation of five climatic charts of the State, by Mr. McGann, for the 
State Board of Agriculture. These charts were displayed at the World’s 
Fair, at Chicago. They measured 25x38 inches each, and showed, by 
means of lines and shading in water colors, the mean temperature and total 
precipitation for the four seasons, and for the year 1892. 

Among the noteworthy features of the Report are a set of tables showing 
the normal temperature and precipitation at places in the State having 
records for not less than ten years. As a result of the tabulation of the pre- 
cipitation data, Mr. McGann is convinced that the rainfall of his State is 
not decreasing, as some persons have asserted. 


Royal Meteorological Society. — The closing meeting of this Society for 
the session was held on Wednesday, June 20, at the Institution of Civil 
Engineers, Great George St., Westminster, Mr. R. Inwards, F. R. A. S., 
President, in the chair. 

Mr. R. H. Scott, F. R. S., read a paper on “ Fogs reported with Strong 
Winds during the fifteen Years, 1876-90, in the British Isles.” Out of a total 
of 135 fogs, 108 were associated with cyclonic, and 27 with anticyclonic, 
conditions. The majority of the fogs occurred with southwesterly winds 
and with temperatures very close to the maximum for the day. 

Mr. R. H. Curtis, F. R. Met. Soc., read a paper on “ Some Character- 
istic Features of Gales and Strong Winds.” After calling attention to the 
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unsatisfactory state of anemometry, and after describing the “ bridled” 
anemometer at Holyhead, Mr. Curtis stated that the greatest force of an 
individual gust which he had met with was registered in December, 1891, 
and amounted to a rate of one hundred and eleven miles per hour, which, with 
the old factor, would be equivalent to a rate of about one hundred and sixty 
miles per hour. Gusts at a rate from ninety to one hundred miles per hour 
have many times been recorded, but the usual limit for gusts may be 
taken to equal about eighty miles per hour, which on the old scale would be 
equivalent to about one hundred and twenty miles per hour. Gales and 
strong winds differ in character very much, and as the result of a prolonged 
study of their general features, as recorded by the bridled anemometer, the 
author has been able to group them into three general classes. He then 
described those gales which are essentially squally in character, in which 
the gusts constitute the main feature of the gale. In an average gale the 
ordinary gusts follow each other at intervals of about ten to twenty seconds, 
while the extreme gusts occur at the rate of about one per minute. 
Another class of gales are those in which the velocity of the wind is tolera- 
bly steady. In the third class are gales which appear to be made up of two 
series of rapidly succeeding squalls — the one series at a comparatively low 
rate of velocity, the other at a much higher one, the wind force shifting 
rapidly and very frequently from one series to the other. Mr. Curtis also 
stated that on looking carefully over the anemometer records he had not 
infrequently found very distinctly marked a prolonged pulsation in the wind 
force which recurs again and again with more or less regularity of, perhaps, 
twenty minutes or half an hour in some cases, and in others at longer 
intervals of about an hour more or less. 

Meteorological Cougress at Antwerp.— Under the auspices of the Royal 
Geographical Society of Antwerp, a congress, having for its object the dis- 
cussion of matters relating to the atmosphere, was held at Antwerp, on 
Aug. 16, 17, and 18, in connection with the Antwerp Exposition. The 
President of the Congress was Lieut.-Gen. Wauwermans, M. Lancaster, of 
the Brussels Observatory, was President of Section I.,and M. van den 
Borren, of Section II. According to the programme issued in July, the 
Congress was divided into two sections, one dealing with the movements of 
the atmosphere, and the other with aerodynamics. The first section was 
divided into four parts, dealing respectively with the general theory of at- 
mospheric currents, and the causes affecting them; methods of observation 
at different altitudes; instruments, and maps of permanent and variable 
atmospheric currents, including a comparison with ocean currents. The 
second section, on aerodynamics, dealt with the measurement of the velocity 
of the wind, and the special] application of the data regarding the resistance 
of the air to aerial navigation. Among the subjects taken up by the second 
section were the following: Action of the wind on a plane normal surface, 
and on an inclined surface; the friction of the air; experimental apparatus ; 
effects of the wind on buildings, bridges, towers, etc.; aeroplanes, wind- 
mills, turbines ; the resisting power of the air, etc. 
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THE TIDES OFF THE DUTCH COAST. 


DE STROOMEN OP DE NEDERLANDSCHE Kust. U¢tgegeven door het 
Koninklijk Nederlandsch Meteorologisch Instituut. 2de Vermeerdete 
Druk, Fol. Utrecht, 1894. 30 pp. 


The Maritime Section of the Royal Meteorological Institute of the 
Netherlands has given seamen several valuable books during the past few 
years, among which the splendid atlas of the Indian Ocean deserves espe- 
cial mention. The latest publication issued by this office concerns Zhe 
Tides off the Dutch Coast, the text of which is printed in Dutch and Eng- 
lish. This is a second and enlarged edition of a previous paper published 
in 1890. Two new charts, for the tides on the Haaks Bank and at the en- 
trance of the river Maas, have been added. The mean monthly tempera- 
tures of the air and water surface are given in tabular and graphic form. 
It appears that from September to February inclusive the temperature of 
the air over the North Hinder Bank is lower than the temperature of the 
sea surface, while from March to August it is higher. Over the Schomoen 
Bank the air temperature is higher than the sea-surface temperature in 
April, May, and June; at the entrance to the river Maas this is found to be 
the case in March -September; on the Haaks Bank from April to July, 
and on the Terschelling Bank from April till June. 

Figures as to the number of thunderstorms experienced on the Banks 
show that the prevalence of thunder increases with the iatitude. 

Dr. van Heerdt is doing seamen a great service in publishing such data 
as are contained in this report, and in his preceding ones. 
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